OBJECTIVE To investigate distribution of β2-adrenergic receptor (β2AR) genetic polymorphisms among Chinese parturient women and observe the relationship between genetic polymorphisms and incidence of Cesarean delivery after labor analgesia.
abor and delivery is a unique physiological experience for women. Inappropriate length of labor progress during vaginal delivery may produce great risks for both the mother and the fetus (1). Especially the slow progress of labor is one of the most important reasons for the need of Cesarean section during vaginal delivery, which has still a high incidence even in recent years (2) .
The presence of labor analgesia makes vaginal delivery comfortable and safe, greatly reducing the incidence of Cesarean section. At present, the common method used in our hospitals for labor analgesia is epidural administration of ropivacaine combined with sufentanil, which has good analgesic effects but little side-effects (3) . However, in the process of vaginal delivery after epidural analgesia, there are some cases still have to undergo Cesarean delivery from maternal or fetal factors.
Previous studies have found that there was a significant correlation between the genetic polymorphisms of β 2-adrenergic receptor (β2AR) and the duration of vaginal delivery (4, 5) . The β2AR has two common polymorphisms that significantly influences the receptor functions in a clinical manner, which usually distribute at codons 16 (p. Arg16Gly) and 27 (p.Gln27Glu) (6) . So in our study, we intend to observe the population distribution of β2AR genetic polymorphisms in the Chinese women, and try to identify the correlation between the genetic polymorphisms and the duration of labor as well as the incidence of Cesarean section after labor analgesia.
Materials and Methods

Participants and Ethics
This study was approved by the Ethics Examining Committee of Human Research of the institution (the Affiliated Nanjing Maternity and Child Health Care Hospital, Nanjing Medical University, Nanjing, Jiangsu, China). The participants in the study were eligible patients who, including their family, were informed about the study and their consent was duly obtained. About 203 were chosen from the parturient women undergoing labor analgesia in the hospital between August and October in 2013. These women, who were aged between 23-43 and gestation age 35-42 weeks, with an ASA grade I-II, had spontaneously chosen vaginal delivery mode with epidural analgesia. Patients with twin gestation, incomplete visiting data, analgesia failure, or failed DNA extraction from whole blood, were excluded. Finally, there remained 169 participants who conformed to our requirement and facilitated in our study for successful obtaining of the β2AR genetic polymorphisms at codons 16 and 27.
Analgesia Design
The parturients were admitted into the delivery room after firing of regular uterine contraction, and their cervix were examined by professional midwife after the analgesia request. A 5 ml venous blood sample of each parturient was obtained once the vein was open, and stored at -4 °C with EDTA for DNA extraction and polymorphism analysis. And if a subject achieved cervical dilation of more than 1.0 cm, epidural analgesia was performed by a formally trained anesthesiologist. In this hospital, we usually choose the L2-3 segment as the epidural puncture and catheterization site (3) . First a test dose of 3.0 ml 1.5% lidocaine (45 mg) plus 5 μg/ml epinephrine was given after successful catheterization to exclude misplacement into blood vessel or subarachnoid space. Then all the subjects were given a 10 ml epidural analgesic mixture in a single bolus of 0.125% (1.25 mg/ml) ropivacaine with 0.4 μg/ml sufentanil, and subsequently connected to the patient-controlled analgesic pump with 0.08% (0.8 mg/ml) ropivacaine plus 0.4 μg/ml sufentanil mixture, with a 6-10 ml/h background infusion, a 8 ml patient-controlled bolus, and a lockout interval of 30 min.
Observed Indexes
During the entire study, we observed and recorded the demographic data including maternal age, height, weight, gestational age, history of dysmenorrhea or uterine leiomyoma, and complications related to pregnancy. Furthermore, we also documented the cervix dilation when epidural analgesia began and oxytocin usage after labor analgesia. In addition, we focused on the duration of labor progress, which included the total labor process (time from the regular uterus contractions to complete childbirth), the duration of the first stage (time from the regular uterus contractions to full cervix dilation) and the second stage (time from full cervix dilation to complete childbirth). The final delivery modes of the parturient subjects were also our primary focus to define the incidence of Cesarean delivery.
Genetic Analysis
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DNA was extracted and purified with a Puregene extraction kit (Gentra, Minneapolis, MN) and tested for quantity, purity by optical densitometry (ratio, 260/280 nm) and gel electrophoresis. And for identification of polymorphisms of the β2AR gene, 60 ng DNA of every parturient subject was taken for amplification by polymerase chain reaction (96-well microtiter plate block; Biometra, Gottingen, Germany). The specific and validated primers for single-copy DNA regions surrounding polymorphisms Arg16Gly and Gln27Glu were determined by Life Technologies Company, as described in previous work (7) ( Table 1 ). The analysis of β2AR genotype of both polymorphisms at codons encoding amino acids 16 (rs1042713) and 27 (rs1042714) was determined by Sanger sequencing reaction and electrophoresis on a fluorescent DNA fragment analyzer apparatus (ABI3100; Applied Biosystems, Foster City, CA).
Table 1. Sequence of the Primers
Gene Sequence
Data Analysis and Statistics
In order to describe and compare the indexes of different genotypes in the population accurately, values are expressed as the mean, SD, median, interquartile range, or numbers and ratio. All categorical data were analyzed with a chi-square test to indicate the trend, and the difference in parametric data, such as the demographic data and background characteristics, were compared with Student t test. And the grade data is described as median and interquartile, the variance between different groups is analyzed by Wilcoxon or Kruskal-Wallis test. Incidence data is reported as a percent and compared between groups using Fisher or Chi-square analysis. P < 0.05 is considered as significant in all analyses (Stata 13, StataCorp, College Station, Texas, USA).
Results
The subjects were divided into different groups according to the genetic polymorphisms of β2AR at either 16 or 27 codes. The prevalence of the p. Arg16Arg homozygous (AA group), p. Arg16Gly heterozygous (AG group) and p. Gly16Gly homozygous (GG group) genotypes were about 37.87%, 46.75% and 15.38%, respectively. And that of p. Gln27Gln homozygous (CC group) and p. Gln27Glu/ p. Glu27Glu (CG/GG group) genotypes were 84.62% and 15.38%, respectively. The demographic and background characteristics of the subjects with β2AR 16 and 27 genotype are summarized in Table 2 and Table 3 respectively, and no significant differences were observed among the various groups.
In the present study, we did not find any significant difference in the duration of labor progress between β2AR27 genetic polymorphisms groups, which are shown in Table 4 . However, we discovered that the duration of total and first labor progress of the subjects in AA group were both significantly longer than that of the other groups of β2AR16 (P < 0.05). Furthermore, it is interesting that there was also a significant increase in the incidence of Cesarean delivery in AA group of β2AR16 (P < 0.05), which is shown in Table 5 .
Discussion
Serious labor pain can lead to several adverse effects, such as maternal anxiety, scared and nervous emotion, which are important reasons for the high rate of Cesarean section (8) . In recent decades, the emergence of labor analgesia has greatly decreases the incidence of Cesarean section. And the commonly used current method of labor analgesia in our hospitals is epidural analgesia with ropivacaine combined sufentanil by continuous PCEA analgesia, which usually produces a sufficient analgesic effect with little side effects (3). However, there is still a possibility of occurrence of Cesarean delivery even after labor analgesia. This may be due to certain maternal or fetal factors, leading to inability to complete the whole process of natural childbirth (1).
In recent years, Miller's colleagues found that there is a significant difference in the duration of labor process among groups with different β2AR genetic polymorphism (5). And in our study, we envisaged to observe the relationship between the β2AR genetic polymorphisms and incidence of Cesarean section after epidural analgesia in Chinese nulliparous women. For this, we randomly recruited 203 nulliparous women who had a requirement for labor analgesia, and collected one copy of blood sample in every participant for genetic polymorphism analysis to observe the distribution of β2AR in Chinese women and the effects on the labor process. Among them, 12 patients were excluded for incomplete visiting data, 22 patients were excluded for DNA extraction failure. Finally we succeeded in including 169 participants in our study. This is the first study to examine β2 AR genetic polymorphism influences on incidence of Cesarean delivery after labor analgesia. The present study reveals that the dominant distribution of β2AR genetic polymorphism in Chinese population are β2AR Arg16Arg (AA), Arg16Gly (AG) and Gln27Gln (CC), which is consistent with the results documented in Miller's investigation (5) . We found that the differences of demographic data and background characteristics of the subjects were statistically significant among groups with various genotypes, which indicate that the general characteristics are uniformly distributed and the comparison among groups is feasible.
After delivery analgesia, some of the parturient subjects needed oxytocin to speed up labor progress, but we did not find significant difference between the groups. In the comparison of the duration of labor process, we observed that the duration of the total and first stage were significantly longer in AA group than that of the other two groups in β2AR 16 genotype. It is interesting that the incidence of Cesarean delivery after labor analgesia was significantly higher than that in the other groups.
As the previous study has shown, β2 AR is one of the most perfect G protein coupled receptors, which is widely distributed in various organs, including the endometrium and cervical smooth muscle (9) . The smooth muscle may relax under the stimulation of endogenous and exogenous agonists. The two most common wellstudied functional polymorphisms are located at positions 16 and 27 of the β 2AR protein, and the substitution of glycine (Gly) for arginine (Arg) at position 16 increases receptor desensitization in response to agonist exposure, whereas glutamate (Glu) for glutamine (Gln) substitution at position 27 decreases sensitivity to downregulation (10), which can explain the slower labor progress observed in the p. Arg16Arg homozygous group. The hypothesis in our study is possibly consistent with the early study where Landau colleagues have shown, that the common polymorphism sites, 16 and 27 codes, are associated with the risk of spontaneous preterm birth, especially the Arg16Arg homozygous is closely related to the protection of premature delivery by relaxing uterus contraction (4). However, the Miller colleagues found that labor progress are slower in parturients who express Gln at the 27 position of β2AR, which are high prevalence in the Asian ethnicity (5). The slow labor process induced by active phase stagnation is the main maternal reason for Cesarean delivery after labor analgesia (8) . In addition, a recent report (11) has shown that normal volunteers with Arg16Arg homozygous could rapidly desensitize their vascular response to isoproterenol after long-term agonist exposure, whereas individuals homozygous for Gly16Gly show no desensitization. Although the implications of these findings in the vasculature in vivo to the human uterus are unclear, but they do support the concept that genotypically determined β-adrenergic receptor down-regulation may be important in patients' clinical status or pharmacologic responses. So the β2AR 16 polymorphism is thought to be related to receptor desensitization, which may be an acceptable reason that common allele is less desensitized and thus active and available to slow labor, then probably increase the incidence of Cesarean delivery during virginal delivery process. However, the hypothesis is still not clear and needs to be proved in a larger more diverse population.
Therefore, it can be concluded that the incidence of Cesarean delivery after epidural analgesia β2AR Arg16Arg homozygous is significantly higher than in the other two groups. This conclusion may be helpful for prediction of the possibility of Cesarean delivery transform, which may help obstetrics and anesthesiologists to choose the optimal delivery method. There are, however, several important limitations inherent in the design and scope of this study. The total incidence of Cesarean delivery was relatively low in our study (14.20%), so we should increase the samples of Cesarean delivery after labor analgesia to observe the ratio of β2AR Arg16Arg homozygous polymorphism. And also our study was limited to only Chinese women, whose physical and genetic characteristics may be different from the women of other races. So, it is not clear whether our conclusion will apply to women of all races. This needs further investigations all over the world to define the issue precisely. In addition, our study did not document the reasons of Cesarean delivery transform, which does not exactly prove the relationship between slower labor process and incidence of Cesarean delivery.
Therefore, future studies will need to evaluate the relationship between β2AR polymorphisms and the incidence of Cesarean delivery in larger numbers of nulliparous women in a larger and wide spread population and improve upon the data analysis and statistics to exclude the confounding factors.■
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